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ABSTRACT 

VYe aimed to investigate the effect oi aton/astatin (5 and 30 
mg/kg/day for 2 weeks) on hepatic lipid metaboiism in a v*eii 
establi.sfied mode! of dietary fiypertrigiyceridemia, the Srunlose- 
fed rat. Fructosie feeding (10% fructose in drinking waier for 2 
W8el<s) iriduced hepatic iipogerjesis and reduced peroxisome 
proliferator- activated receptor a pPAR«} exprassion and fatty 
acid oxidation. As a resulE, plasma and iiver trigiyceride and 
piasma apoiipoprotein B (apoB) ieveis were increased. Atorva- 
statin, 5 and 30 rng/kg during 2 weeks, markedly reduced 
piasma triglyceride, but decreased apoB levels only at the 
highest dose tested (50%). Triglyceride biosyntlietic enzymes 
and microsomal triglyceride transfer protein v/ere unchanged, 



whereas liver PPARa, acyi-CoA oxidase, and carnitine palmi- 
toyltransferase I mRN A levels (5 ,9-^ 5.25-, and 3.4-fold, raspec- 
lively) and hepatic fatty acid g-oxidation activity (1.25-fo!d) 
wt^re increased by atorvastatin at 30 mg.'''kg. Furthermore, he- 
patic triglyceride content (45%) and plastna fionesterified fatty 
acids (NEFAs) (49%) were reduced. Thase results show for the 
first time that liver triglyceride increase in fructose-fed rats is 
linked to decreased expression of PPARcn, which is prevented 
by atorvastatin treatment. The increase in PPARa expression 
caused by atorvastatin was associated with reduced liver tri- 
glyceride and plasma NEFA levels. 



The assembly of apoiipoprotein B (fspoB)-coiJtairuijg li- 
poproteins requires both adequate supplies of lipids and 
funci iotiEsl tiiicTossomal Ir'iglyctmde trasisffT proleisi (MTP). In 
the afiseiice of either sufficient lipid or MTP activity. apoB is 
rapi'ily ■:"it-(>fi'«d-:?d 'A^ith the siibsequetit b]o(;kESf!? oflipoproteiij 
a^semfiiy and t.ecretioik (CHof&sori et al., 1999). Alth<jt3,i?;h the 
relative eC'ritritijatioii (jf eacsh lipid eonstitsif^nt. of very low - 
density lj[y)[jrol.eir! (YLDL) to the regulation of apoB ;;e(,re 
tioii reniidiis cont.ioversiai, trigiyceride &yjithef;ii; fseeujs to he 
esseritial (Benoist and Grand -Perrs^t.. 1998; Thcicnpsoii et sil., 
1996). 

Tlifffo is incsreasing evidence th&i. 3 hydn-xy niethylghj 
tai'yi-coenzyme A (HMG-GoA) reductase inhibitors lower 
plasrtJia apoB concentrations by decreasing hepatic YIXiL 



Thi.a siud-/w.j.,a suppDrit?d iTi partby Fondo de Invastigacion Saniiaria de la 
Seguridad Sodal Pa rke-Dsvi.? (SS l-S?A-07:i, Cfjmisirjrj .Inteimmisterial de 
Cii-noia V Tscnolosioa fSAF9S-0i0£ -snd S.'iLFCiCi/020iX Fundaoio Friv-jd-i 
Catala;ia de N^biJib I Lipids (00/ii24). and Giant SOOCiSGEROOOiS from the 



secretion, although not all reports are consistent with this 
hypothesis (Thompson et ah, 1996; Huff and Burnett, 1997), 
Furth€!rmore, some compounds in this daiss, lilse atorvsisia - 
tin, increase intraccfllular apoB degradation rates in HepG2 
cells by mechanisms still unclear (Mohammadi et ai., 1998). 
It has been proposed that HMG-CoA reductase inhibition 
may iiicEiit the availability of free cholesterol and/or cho- 
Isfster y] ester for incorporation into VLDL (Erause and New- 
ton. 1995). 

Ti-ie s^ftect <?f iiMG-CoA reductase inJiibitois on cJioie sterol 
ii<)i:!it-.jstas}t it eoiLiipies and uiay not be coiifiiied io ihe block- 
age of choleh^ieroi biosyiithesis iGoldsteiii and Browu. 199i):'. 
The de in cellular ( hiile-si ero! coritent elirated by dr sig 
treatfiieiit iej.di? io the adiviUiori of^iteri;] r ef^nlatiiry elenjeiit 
binding prot^-iri 2, enharicmg the e:;[jreE:-;!ori of faeries in- 
volved in cholepierol syrithe^vi-; and upiEske. Nevertlielesp, 
treatment wiih c<;]e-;i ijjol Eusd lovapiEstm Etls<; ''k-crea-.ied the 
nudfSJT forsis of SREBP- 1, v/liii 'n -seer]:!-; to be reLitively ;;e!e( - 



ABBREWATIONS: ACC, acetvl-GoA cartioxyiase: ACX). acyi-CoA oxidase; ASP, acyiaiion-stimuiaiii-ig protein: FAS, tatiy acid syniiiase: FAT, Tatty 
acid transiocase; HMG -GaA, 3-iiyciroxy -3-fnettiyigiu!aryl-coen.?.yEne A: HSL tiorEnone-Stsnsiiive lipase: L -GPT-I. iivesr carnitine; fisalmiioyi 1:raiis- 
ferase I; LPL, iipoprotein iipase; WfP, microsomai triglyceride trarisfer protein; NEFA nonesterified fatty acid; PAP, phospiiatidate p.^osplnony- 
drolase; PPAR fBroxisorns proli feral or -{-ctivaiisci receptor; SREBP, steroi Rsguiatory element binding protein; VLDL, very iow-tdensily iii:>Dprotan. 
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tive in activating genes involved in fat ty acid and triglyceride 
syritliesis (Brc.wEi and Gc.ldstein, 1997; Horton and Shinio- 
oiura, 1999). f'urthermore, the role of SREBPs in lipoprotein 
ssssenibly haa not been elsiddEsted yet, ssMKjugli it him been 
reported that SREBP-1 and SREBP-2 bind to the MTP pvo- 
moUiT (Sato ei. al., 1999). 

On the other hand, HMGr-CoA reductase inhibitors induce 
pesc'xisorise proliferator -activated receptor a (PPARa) ex 
pression in endothelial cells (Inoue et a]., 2000). PPAR.:t 
regulates insiltipk^ erixynies and Espolipoprot.eins irrtplicsded 
in lipid and lipoprotein metabolism (Keller et al., 2000). 
Tiisis, PPAR<.:f aci.ivEstion incrfeases the hep£sti(; fatty acid sip-- 
s.a]!;e, stiEisulates the cc.n version of i'sstty atrids into a(;yI-CoA, 
and increases j3-oxidation of fatty acids ^ which decreases the 
availsstiility of i'atty acrid s for triglyceride synthesis. 

In the present study, we investigate the effect of ator\'a- 
as.atiii trea.trsi©nt on MTP and key enxymes involved in he 
patic triglyceride synthesis in an animal model of hypertri- 
glycerideEisia. Because adequate supply of free fatty acids is 
required for hepatic triglyceride synthesis, we also deter- 
Eidned the effect of atorvastatiri on key factors involved in 
hepatic fatty acid synthesis and oxidation, and the free fatty 
acid turnover in the adipose tissue. 



Materials and Methods 

CheisiicEtls. 3 Hydroxy-3-metIivl [S-'^C'lgiutarvI-coenayme A. 
E,S-f.5;-"Cl mevalonic acid [ad.one, a-P'PJf)ATP, and p-'Clpalraitoyl- 
CoA were purdiased from Ainersham Bioscietioes (Freiburg, Gferma ■ 
ny), and [^*(!)Jphosphatidio acid was from PorisinElmer L'ife Sciences 
(Boston, IvL4). ite\'er9e traiiscriptioii-polyitierase chain reaction (RT- 
PGR) buffers and reagents were frora hivitrogea (Paisley, UK}, ex- 
cept hexariucleotide mix and random primin;^ mk purchased from 
Boehringer higelheim GmbH (Heidelberg-, (Germany). .4nti-apoli- 
poprotein B, human (rabbit) was from Calbiochem-Novabiochem 
(Darmstadt, Giermaiiy) a»d horseradish peroxidase-conjugated anti- 
rabbit IgG from Santa Cruz Biotechnology (Santa Crua, CA). All 
other chemicals were of arsah'tical arude and were obtained frem 
Sigma Aidricli (St. Louts, MO). Ato.r-. asfcafcin calcium was supplied by 
Pfizer S.A. (Madrid, Spain). 

Animals and Experimeotal Design. Male Spragite-Dawley rats 
(Harian, (S-anrsat, P'ranoe) were maintained with water and food ad 
libitum at constant humidity and temperature with a lig'ht/'dark 
cj'cje of .12 h. After 5 daj's, the animals (average weiglit 185 i 9) were 
randomized into four groups: a control group, a fruetose-suppie- 
oiented group (fructose), and two groups supplemented with friict.ose 
and treated with ator'/astatin at 5 or 30 mg/kg- (ATV5 and AWSO, 
respective iy). PVuet.ose was supplied as 10% sojutien in drinking 
water for 2 weeks. Cootiol animals received no suppiementarj' 
sugar. Previous studies had shown that such rats were hj'pertrig-lj'c- 
eridemic, normoglycemic, norrnoinsuiinemic, and nonobese (Park et 
al, 1997). Rats consumed the same amount of fructose regardless of 
the treatment and no significant differences in body weight or daily 
intake of fructose were observed between treatment gToups. Atorva- 
statin was administered b^' daily oral g^avag^? for 2 weeks, using an 
aqueous carboxymetliylceilulose suspension vehicle (0.5%carboxym- 
ethylcellufose plus 0A% Iween 80 in water). Drug doses were given 
daily at 3:00 to 4:00 PM. Animals were killed by decapitation under 
diethyl ether anesthesia between 9:00 and 10:00 AM. Ail procedures 
were conducted in accordance with die principles and guidelines 
established by the University of Bareeiona Bioethics Committee, as 
stated in Law -5/1995 (July 21, fromtiie Gieneralitat de Catalunya). 

Sample Preparation. Rat livers were eiEcised, perfused, and 
homogenized in a buffer composed of 150 mM NaCi, 1 nM dithio- 
threitoi, SO TtM EDTA and 60 mlVI KHjPO,, pH 7.4. The subcellular 



fractions were obtained by difierential t^ntrifug-ation and stored at 
— .30"C until needed. The protein concentration of each fraction was 
determined by ttte method of Bradford (1976). Liver and epididymai 
white adipose tissue (10 -100 mg) of each rat was immediately fixisen 
in liquid and used for the extraction of total RNA with the 
Dltraspec (Biotecx Laboratories, Houston, TX) roagient, in accor- 
dance with the niaiiui'actitrer < guidelines. Blood samples were col- 
lected at the time of death in heparinized tubes; plasma was obtained 
by centrifugation and stored at --80°C until needed. 

Lipid, Ghieose. liisulisi. aiid apoB Analysis. Plasma tx>tal cho- 
lesterol and triglyceride concentrations vjere measured witli the 
Roche AfipSied Science (Mannheim, (Sermany) coiorimetric tests 
(Monotest Cholesterol CHODPAP 290:319 and Peridochrom Triglyc- 
eride GPO-PAP 701882). VLDL and low-density lipoprotf,in from 
plasma samples were precipitated by using reagent 543004, also 
from !Roche Applied Science, and hi gi-s -density lipoprotein (HDI.)- 
cholesterol concentration v,'as determined in the super Eiatant. 

Liver lipid was extrisct^rd and measmed as described proviously, 
using the homogenate fraction (Verd et al., 1999). Free choiestera! 
and trig-jycevide amcentrations were determined as described above. 

Plasma insulin and glucose concentration were determined with 
Rat Insulin RE A kit (LinCo Research, St. Charles, MO) and colori- 
inetric test (glucose test no. 115A; Sigma-AIdrich), resjjectiveiy. 

Rat plasma apoB wais measured by iramursoblottirsg ((^alvo arsd 
Enrich, 2000). Plasma protein (0.5 i^g) was applied to 7% SDS- 
poij'acrj'iamide gei eioctrophovesis and transferred to Immobilon-P 
transfer menibranes (Millipore Corporation, Bedford, MA). xApoB 
was detected using a rabbit polyclonal antibody raised against hu- 
man apoB (1:1000 dilution) and a horseradish peroxidase-conjugated 
a nti -rabbit Ig(5- (1:4000 dilution). Detection was performed with the 
ECL kit (Amershain Biosciences), the bands were quantified by 
image analysis (Vilbert Lrouvmat Imaging, Scientific and Technical 
Services, Umversity ofBarcelona, Barcelona, Spain), and apoB levels 
were espvessed in arbitrary units, 

Eii2;yme Assays. lilMG-CoA reductase, phosphatidate phospho- 
hj'drolase (PAP), and hepatic fatty acid /? oxidation activities were 
determined as described previously vLasarow, 1981; Alegxet et al., 
i998; Verd et al, 1999), using as aiurce of enzyme liver microsomes, 
postmit/jchondria! or homogenate fraction, respectively. MTP activ- 
ity was assayed by the rammercial kit WAEi-MTP-lOO (WAK-Ghemie 
Medical, Bad Homburg, Germaoy), in acc»rdance with the manufac- 
turer's guidelines. 

rami A Aoalysis. The relalive levels of spsx-ific niKNAs were 
assessed bj' RT-.PC3R, basically as described previously ({jabroro et 
ai., 1999). Single- stranded cDNA was sj'utliesized from 1 f,og(liver)or 
0,6 ;Ag-(adipose tissue) of total RNA using 126 ngof random primers 
and 200 U of M -MLV -reverse transcriptase in a buffer containing 50 
mM Tris-HCi, 76 mM! KCl, 3 mM Mg€l„ 10 mM dithiothreitx>], 20 U 
of RNaseOut, and 500 /.M of each dNTP in a total volume of 20 jul 
'rhe reverse transcription reaction was performed for 60 min at 37°G. 
PGR was carried out using a 5-i.d aliquot of tlie reverse transcriptase 
reaction mix, 0.5 fig of both sense and antisense primers, 200 jjM 
dNTPs, 1 U of ratfDNA polymerase, and 0.25 ;L(.Ci of -a-P^PIdATP in 
20 mM: Tris-HCl, pH 8.6, and 2.6 mM MgClj (final volume 60 fd). To 
avoid unspecific annealing, cDNA and Taq polymerase were sepa- 
rated from primers and dNTPs by using a paraffin pEug. During the 
initial deoaturauon step, paraffin melts (at 60"C) and allows all the 
reaction components to mix. PCR was performed in a thermcjcj'cler 
(MJ Research, Watertowo, MA) equipped with a Peltier systen! and 
temperature probe. Aft.er the denatu ration of primers and cDNA at 
94"C for 1 min, the cj-cling- program was performed as follows: 92"C 
for 1 min, 60"G (63°C for SRH!:BP-1C) for 1 min and 15 s, and 72'C for 
1 min and 50 s. In tiie last cycle, a final 5-min extension step at 72' C 
was performed. To confirm the absence of contamination, neg-ative 
controls were included in each experiment. Preliminary experiments 
had been carried out to establish the conditions for exponential 
amplification of all the genes studied, by calculating the range of 
cycle number at which a linear relationship is detected between 
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input RJ<A and tinal product. For each primer set. an mcieaism^' 
I lb f Ps. cvclfss w nth other w use fixed cond it jon s v; a s per {otmed 
determiethe pt r ilnunber f i T! a 
t Ho ^1 for m\c I ^uu t 
eno -vl f.h {.h r b 1 Iran fera e 

tro[ at] 1 xni pU ei th target leque tf a I I ii 

for SREBP 2, iattv acid synthase (FAS>. acvi-GoA oxydase (AGO), 
and jjpoprotein hpase (LPLj. These sequences were amplified m 
parallel wisJ-i APRT in separate tubes and m duplicate. The number 
?0 t SRI BP 2 2 for IIM (i\red«cta 



!Newman-Keuls multiple comparison test, usm^- the computer pw 
gram i^raphPad Intitat, version 2.03 (i^raphPad Sottwa« Sii 
Dtetfo. (jA*. Loa-aritirims were used to calculate statistics when tie 
varjance was not homogeneous. Hie level of statistical anaK i ^ 
set at P < O.Oo. 
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t ti [ 1 t n j f fihed 

{ r t 1 1 r r 1 lei I 1 f 1 c ars ! ted 

i [ P } xt I 1 ub- 

a% polyacrvlamide tsel in Ix Tris borate- 
IDT^i Gel r iiicd lutoradiotTiphtd on }XOmT S Kdak 
film, and quantified bv imaae analysis i.'V ilbert Lourinat Iinagiiiij j. 
Til tnI\M h i^crc alwa-vi xpr rito to ^tR 1 mR\ K 



n [ible 1 I 
teded to electrophoresis 



gl ceiideocn ) t feeding, with 

{] n 5 t<* ft tni tn j i } ] ] 

control animals Gjv is.i2- and i.eo-tosd, respectively) (itJaie 
2). The mcreaise in pLasnia triplvcende levels wias not associ- 
ated with an insulin-resistant state because NEFA and in- 



[ 



t} 



1 1 



! 



siilm (,Fi|f. 1;, as well as .ducoso pliisniii ( 

l^; d ] f I i H 

ij 1 i i i 1 

ll «5 i i i i 1 



tr iioQ 









ituctose 


ATv'S 




ch 1 t 


roi i.nig,'al) 


no + r 

74 ± 4 
99 ± y 
0.82A ± 0.124 


111 .+ S 
76 ± 5 
210 ± .36' 
1.53U ± 0.123' 


110 ± 10 

1.33 ± 10° 
1 + t 


108 .+ 6 

100 ± 9° 
0.774 ± 0.100* 



Atorvastatin and Fat^ Acid Metabolism 



235 




stann. j he mli jNa 



el rt hiaSP 1 and the \ i 



NEFA 



INSULIN 



Pig ] Pf-f 1 NF 1 1 

b f f- r,t e ^ n ^ ■<l K. 1 rn 

Ts 1 nor' ^1 if> a;' Iti'i f il rra '^at pi i ipilpTPi a 
f uct 's tr ^src s r icl so ? th l trto iti fr r v t s It 

t L t 1 t e t 1 u '^o r^^t-M = Hi ^ '^ra i^V^SO 



iL iierh F-i ) 111 tlij ^mm=il m Je! ot li jeiriv! CPiideim 
Nf\ tslidf ii rfducc ] ilic f ] ifin ! tri 1 cctidf kv Is cftlK 
fructose sfroup bv 37 and 52'fo, at the 5- aiid 3ij-in(iikfi doses, 
rf^ pah (1 Txb\ . Ji r sri h(( nd( fonU n! u d j 1 );,tn j 
apob levels were significantiv reduced only by the highest 
dosis of atorvsastatisn ^45 and aOye TOrsus irsictose OTOup, va - 
spectiveiv: Pig. 3; iable 2). Plasma MiPA was also markedly 
decr€«!S€id bv atos'vaistat.in at the Sv-iiigik.^. dose 1,49% versifs 
triictose group), whereas insulin d'lg. i) and glucose levels 
were unchaajied (il33 ± 6, 160 ± 9, 155 ± 7, and 157 ± 8 
si^/dl for cont.fC'], fructose, AT\i), and ATV3u t.reat.ment 
groups, respectively ). 

Hep«h( T ipsd Savntht s'!*. and \ T DI \'^<i.pfnbH inFN ^ 
levels ot&REbP and HMCr-LoArt U a t lali n ed 
b> tr si(E(s c i€ dm lui i t i!i hiH in] ucclb li t j E) 
nil treatment aswelli IRI t \}t.dutif i tu u f 
2S md )6t(]d \(r>u jtucEc t ip tc \i iis I t)t 
mg/kg atorvastatm: iable a). Despite that statins ai'e com- 
petitive mhibitoE's ofHMG-CoA reductaise, when micxosomal 
HMlI-OoA reductase activity from livers ol statin-treated 
aiiiiijails 1S5 njeas«r€«l, an jncrosaiBO m eEizvrrie activity is de- 
tected because the inhibirois have been removed from th 
UBCi s m dunn trnjlt Ltenti ii 

fiiiictot- t fdirit «nh Jitsd } \[ ativiE^ asid \bi n)RN\ 
levels ot I AS tl.7y- and 5.1-told versus control group, respec- 
tively), but neithfff the PAP activity nor the mRNA level of 
the fatty acid biosynthetic enzymes was affected by ator\'a- 



If I. e^. t f ii u ^n -^^ \dAt It \ L d U 

24* t^jdrdiup' (onttd \ aisiu (F\^, 2> Pu(bo!ra)r€ th* cx 
pression of acyl-CoA oxidase and liver -carnitine palmitoyi 
traEisferase? I, tlje rate^-lsiiEiitsns' erizvnies cositrolhns? E)ef(;XiBO- 
m 1 and mit (.ho =(.1 t=s.tt -iri m i i ii ^(.if i f ! 

fTUft in i pi! [ I } ! 

the OR ^ dm t- } lilL < ii Ik \ M 

i !!lil lil! t t t i f >Ml ^ f. t , !i }l 

} )i f! ! tt H 1 it ! p ]l 'ICfd tru<1(i^c 

tpci t -I " d L =1 e 111 t e H.p (=-\Mon ot PPAR 



n!h r 



il Fi 



\eited tliP 



Atoi-vastatin treatment dose aeuenaer 
dsi««d I ' \<.t TXB i <.<.d I ' i <. 

supplemented diet (.Fig. of). Atoivastatm (5 mg,'fcg) did not 
siH'EiEtEcantly change the expression oi PPAR.a, AGO, arid 
CPT-L although a trend tov/ard increased values with re- 
ff ct to th )!^( pr<"-.«nE« d bv the It at tosf stiitn ili^ ii^ (be r\ d 
\t the hijrhe r d'" e te 3 m =i.ti, i. f^^tiii iS(.t 

( s I i d Eh N ! I irrx- ! i 1 iu i{ 

Ui le ed ti (=• (=-\ 1 r rt a fh"^ ^ ^ 1 eh 

hi 5 ! > E li E sll s-!"niticanl) uid CFT T Fi 2 
The i i u i 11 ]in >t EitrrEiihi lEton )f the hep it ec 
fatt ] \i 1 i -I ti ^t compared with \alue^ obtained 
in ! i I 3 Fj 

iieel ^tt> 4c5d liirnf^^pr 311 Adipo eliis iie Iiu t"s° 
U !!! di OE in * Else jEi^^Akvc i h li =i r 

•^t N EI A deli^ er^ into «,ne arculation LPL oi HbL (Table 1 
Factors stimtilaEing uptsike and tissue reteEition of tatty acids 
Siiich as PPAR-,', FA170D36, and ASP were also unaftected by 
iVsKiE.ose feeding (Table 4). 

Ireatment with 30 mg/kg ator\'astatin significantly de- 
c If i i mRN\ h.€l^ of lb, * p li? 
comuant increase m the mRMA levels or <4ii anci a-^-fb 
versus iructose group, respectively; Table 4;, Tiie mRJNA. 
k . €l^ of PPAR I PT and FAT l D3o i^ € r,' n )t iff ,'cted b 
atorvastatm administration. 



fi ructose teedmg provides a dietary model ot hvpertnglvc- 
endemia becatise fructose stirEiulates hepatic de novo tipo 
genesis and \LDL production ^Kazumi et al., 1986) and 
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ControJ FrtjK6t)se ATV30 



CW t?fuetese ATVS ATV30 
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Control Fructose ATVS ATV30 
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Oentfol rrtjctose ATV5 ATV3G 



ij.osy 



2000:-. In the present s 



SHjpasrs tnglvcfffide rffsrsovsil {HiraEio et al., 1989). Rod€n:>s.8 
fed clironicaily with diets coiitamifig hiarh percencasres ot 



i% fructose feeding leads to 
!ii HI !i] > 3 tan( 

p t' iJid I } ] \( V tj od !f( 

i}M lil tlhil int. ' 
J, I !> tJli ■> I UU X < 1 i 

U hho ]iih<. qi^l v^if if n of SKKBP i, a key 

ii t I jjij ^ !( fo (o fi ^ !f* Hid and trigl«cct[d<> 

biosynthesis, was. not entrngerf. 

HMil-CoA reductase inhibitors deplete C€(lhilaf choles 
teroi, causing SREBPs activaiion and enhancing the expres- 
sic-n of target series such as HMG-CoA redsictase and 
SREBP-2 {Brown and Goldstein, 1997). Generally, despite 
the mdsKti )n )f HMG C )A r< dsK la^t HMG G )A t< dsit 



Atorvsstatin and Fatty Acid Metabolism 



237 



Crttiot. or 3iorvast.3i;R trssLment on th& a;ET''iA Jeveis of kay factors invoivad ii; ftee fatty acid t"jr 
Jata irs the mean - S.EM, (k =■- R}. The mEHA levels are expressed as ratio to the reference gene /iPilT. Kats re 
without treatment (ftuctose), or were fed &usto,!!e and treated with £ or 80 mg'kg atosi'astatin (ATV£ or AT%'SC 



ASP farbitrarv asiits; 0.964 ± 0.064- 0.829 ± 0.10 

PPAR Y Carbi trary units^ 7 .5 7 ± 1 .4 7 7 .0 7 ± i . 72 

PAT,'CD3 6 (arbitrary units) 1 .69 ± 0 . 1 1 2 .2 3 ± 0 .3 6 

HSL ferbitrarv -jnit^O ±- 0.17 2.73 .+ 0.27 



iKiivisv I! till (lK.]«i.-rol sytittH'RE? rcoiuol intii})iicd wLilc 

ttf.-i if^-.tl' .if-rej^e However, it IF \vp[l eflt'=i{3h=hea rhat 
USh-t'oA n-d\hiuM' iiJiil'itoft losvcr [<]uf.tnu iuy]:cond.> 
rather thaii cholesterol jn rats because HDL is ihe tnam 
t.raris porter of rat plasma (shc'k^sterol (Krause and N«'wt.on, 
1995). Accordingly, atorvastaun treatment increased 
SREBP-2 jijRNAIwels cjijd HMG-CoA t-fedQctase roE-NA lev- 
els and activity. Plasma cholesterol levels remained un- 
changed, wlrierfiEi.s triglyceride levels wew^ markedly reduced 
fructose-fed rats treated with 5 or 30 mgikg ator^'astatin. 

if . i ' ^ t 'oA ivduct'Vf- inhibitors ai'e nor fullv pjucidated 

iHurt jj.d BiifEK-ii. 14;i7, Mohujnmisdi .-t »] 199>5, 
Schoonjans, ei ^1 , 199s', Smdcttinu (-1 il . iU'«)) Bc^aniM' 
triglyceride synthesis and MTP expression are the major 
factoTP ill posEtranfJafional rt'^'ul ibon of ;!p('B '(-fren-jfi 
(Lewis, 19&7) and both seem to be re-uiated by SUEBPs, we 
etiidied th.; i-ffc^n of HMO CoA r.-du. hiM- inliii.iiotr on MTP 
and the key enzymes involved in tatty acid and triglyceride 
syns.hesis. Neither fatty acid biosyiithetic enzyme mRNA nor 
PAP nor MTP activities were affected by drug treatment, 
Eih.hongh plasms* apoB levelis were reduced by 30 rag,'ls.g ator - 
vastatin (.Table 2). Recently, Burnett et al, (1999) have sug- 
gessted that the nisagmtudf C'f r-'-i>.f^ in ln^f)-ii n M;D] if)oH 
sen'Ption caused by statm tteatmeur <\f t-^tmiu-^J bv th-^ 
.-.t.-nf .f }]M(1C.)A n=du^'i,m■ mhihiiu.n s-uih- 
ftoEJS out >iosi;i indK.dt- tli.i! uton,«.j,)tiEi n>du.^(>s pl.ifio.i 
111, h!.f !fle- m aiabbit model ot iiyjwttti^ !v<.endeEi[[ -i with 
oijf liVcfm; Al 'AT .iCEi-viiv OE'livor. e^I es- .otit'ut 

(\eid f-t al , l^Liyi Thus t.iken to^^ether <-nr u-uit^ mi, , -^t 
Eli.d ihi- e{\](^ OoAreductat,(.'EiEh!l>!hoiE<-uu,<dbv eekhihw.' 
with 5 mg/kg atoi-vastatm is sufficient to decreatje cholesterol 
availsjtrtlity, limiting the amount of triglycetride assembled 
into nascent VLDL. as suggested also by Krause and Newton 
(1995). However, higher dossfs of atorvastatiri axe ijfjcessary 
t'j [iLjf'k apnE secretion and lower plasma apoB lev-jls 
<hs iht- oiht-r hiiivi. Eio.ifmoiiE w!t}E:<n m," 'k," -lic.rx'j.M -1(111 
f.tiif-t f-tfeftF tii-it tjLi-iy (.r.ntnbutf- to tijf tti, Ivffnde 
{■)^'-('riJi,- -^ifc-ii 'j'hi!.=. i-nh p;j.=Ej>j NKFA li-vi-U an] h(-pjtu 
tn, htf-nde (.otittut -it ujjt.vediy t'edii...-'d bi .jn mt'kj' 
.It'^iv-i-Ulti!! Afff'tdlll- i'v' we UlLiied the .41:fJ of atOtv=\i: !a 
iiii on kcv ijfjoEt I ■KtirolliJi; i ifiv j( I'i ;svj]l,ibi]iiiy for tri 

b:tii^- ■"(■E f ri,- Ivc t-ndc v jii ht-ot ( jji be- dc!'iv<;d from 

piaFtjLsa frtf-t-itv icidrt 'Die supply of pi^isma free fatty acids 
to the hvef depends on the release of FF.A by 1> hpolysis of 
circulating lipoproteins, 2) the rate of FFA release ft'om adi- 
pose tissue, and 3) the rase as. which these fatty acids are 
taken up and reestenfied by tissues (.Fig. -1). Therefore, we 
studied \he effect c-f as.orvastas.in oei the EiEain w^gulatory 




Fig. 4, Ragulation of NEF'A metabolism. THe effsct of atorvastatm traat- 
m»ent is reprarssnied with dotted Imes. AcCoA., acetyl -coansy me A; CM, 
chylomicrons; PA. tattv acid: TG. triglycerides. 



factors involved in each one of these processes: LPL (Jansen 
et al., 1998\ HSL (.Frayti, 1998X atid PPAR-j- (Keller ei al., 
2nuOV ASP {Sniderman al 19'<8)- ajid FAT/CB36 (Coburn 

b'- 111,' kf -ll'.I^'a^!Jl}i} i:;ff--i;-d til- J.i!p.^~'t 1-^Ut UlRNA. 

Ic-vs-l; oi [{'■<L jhd ic"i.xc"i A;Si' pE-.!:7 ^cT !<- • i-, Th- 

•i<'£l 0i)fl:;:<'d i-^i-.l: fO bt- i ■ •! :i r idli i ■ .r^' ]■■< ha-ih ill- 

■U .le.l~-t :;. ASP p:-.^,.UI ~-.r :jL=i.'>:A JU-i t;- - 313 IIKL 

liih'vA Ic-^-.'l; -.'.Jiiid ih,-;ic-h. iliv n><vi-iM- [.ij..uu WbA 
,..,...|. ti.ei-f- .hj;., t ; m:,-ht bt colli- id-r t H as- < ii.^Uitf. 

• 1 i'i- U",}".;:-,<' ■}[ A■i^^■..<^':t■•, fc- <it < j'c-.uc-i pl.iMi! I '.'KrA it-V 
eis rather than a dire».t ^tfeti of 3totvatot3tin on this path- 
way. 

On the other hand, fatty acid availability to triglyceride 
synthesis not only depends on plasma free fatty acid supply 
to the hvf-r bu( alifo on (if- novo fjtly acKi ^>!ithsM£ and 

0,l-;E!il..!l li ^^^'-.-^] kt^O^'-^^ ihji !:-'{<Vl. Jill h-Kxin; >i and 
pet-f,\:co:jL! -d f -I" ^• .Kid o-;]d^l!oi3 ]^ ttt uiated hv tht i.Uclear 

iimttifi- e;jLi,ymt ; -jt^ tht p-to'- 1- .^tsjul <nd uj!t.^;.h-j!ifki J f <tt> 
a(idoxjd.i>!Oii jc-J i 'oA o .id;f,(' j.vd ■ se Eitiiuc- pitiEJtti o-J i 'oA 
transferase 1, known to reL'uiJl-id by >'FA1;., (K-iitt- -t Ji 
2000; Louet et al., 2001), is lEiarkedly reduced, together -^th 
the liver fatty acid oxidation activity. These results suggest 
that the rEi«(cha.nisnj involved in the lipid metsitjolie distur- 
bance produced by fructose feeding might be similar to patho- 
logical oonditK.-ns m huniaEis, increasing the usefulness (-f 
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d !i U i < <U i.ot ^ o < i< < in] u\n f\ ut 

relatiUfc liuctose feedin ^ } ^ V dj n i^-^ulation Ai 
tliosip-h it h it b ctJ Tjptr* m uliti ! t lUiunI rt pn 

mary hepatocytes decreases the expressioEi ol the PPAR-ii; 
trunii iSus'difn m. al,, 2001), our fructose- fed atiinjals had 
practicaliy identical plasma insulin concentrations to con- 
trols, dsscardjiii? an [nsifliri eftoct oij PPARi\ expr«^s;s;i(!ri. hev- 
ertheless, it is interesting to note that a very recent report 
n)di( stcsthitl oii ji I !* ?i i Uii. it i\t ) ilh of 
down regulate ii v i < fi P and that of PPAKo- 

! r ti r nrs ssi i < o\ d , < m p in( t( k , ccllf 
(Rodsiit es. al,. 2000), 

br itce not (ri]> M {ims pi I ni lit! ] ti]( t u1 )lf o stl 
decreases tatty liver m humans '.L'hitturi and i^aiTeii. 20ul.i. 
(, ' )n\ < rr^fl'jr thcpiriis] )ti(i3l ibl jsi )ti < i PPARoi tr inu rip 
tional activity has been involved m the accumulation of he- 
patics tnplvcet'sde and the appearance of fatty liver vse., alco- 
holic steatosis) (.Kersten et al., 19y9; Ualh et al., 2u01). Our 
r«s tilts sho-i^ ih ti thi !r< a!in« ni vuth Jt)r\ ipj stm mm jjs<d 
dc-e df-pwindU hepatic PPAIia mh'b \ Ipvelb As a con-e 
q ,ji U , pc lend k] o>LO\id«<- m]iPTIsvi 
iiLif f d ui thf- ii'^pi.ri t=itt -i id Lvidation 3 tivTti' was 
sJrj!) t tcfi)rcd li ih hi h(s! do of !f)nisnfiii TTi « 
«ffccts^vcr( ass oci i!( ] sviUi tlic ]< jf s < l44 Mn!}i«h(psh( 
triglyceride content (i'lg. .i). inoue et al. (20UU) have previ- 
ous]) shc-^n that HM< C( ic hut s f mhibitorf- sudu 
PPAIict expression m cultured endothelial cells; our work 
((nhrni, fh it HMG C )A «diKt is <- mhibil )r xi ikU so 
induce PPx4Ii.Lt expression and activity m the liver of h\ang 
anirsjails, \ery recently, ii has been demonstrated that inhi- 
bition of the Rho-signaling pathway alter incubation of cul- 
!.i!r€id cells with ssatjus reduces the phosphorylation state ot 
PPAiiti! and increases its transcriptional activity (Martin et 
il 20i.ll) Mor« V, )Tk is- ti€( dt d to et o -^h^ ihtr such sri cfft ct 
in vivo IS able to increase not only the activity but also the 
I f ip I d Ml , If? fcnc itp«lf 

FiuilKtriKT. IS i ^ .11 l^iowii tins PP\T. ) d 
< f -i. i> 1 mi^l ^ f fl ('^ilep^leta tt d IMHl ' itipijrso 
'i'-)^2) in th pu (lit iiid-v stot\ H )titi itidim-. P[AH\ 
expiesbion and tut\ itid oviditu ii <.in<.!j tm ht [f id i 
do(Et ast Hitstt) a ]d i% ill sbjljt'i t)tin 1 ffiid Mitln^i 
Ne\eitheless the enhanv^ed hepatic uiiioJioiridiial fatt ; Acsd 
oxidas.soii caused by atorvsastatiti treatmesit may not sutTice 
to account lor the plasma NEP A reduction. We hypothesize 
shat as.orvaistatsri msfi'ht alsso sridsKse PPARu: expression m 
othei tibbues biuh is mn de In this i.as ths addition ol 
cflsiif ( lUfcdn ilu niluctDi otPP^l t^i cs^fnt Erils\<r 
and musde couIl 1" l f H to mr tf -i. ilv NLi< A flux to 
sheet ti Slid (di!( p lUJiNhfiMc c[ Hi tdoE« ihi 

indue I ii ^ 1 1 J o no' I (d b itoi-v as titm 

tit itm n lid -I ^ L -I ' iitii tf diif tioii of plcLma 
. \ [ iHii n [> < < !ii Of c d tlid othu ti(S(r;s 

1 } 1 d 111 f ^H^ 5> c\ I. ti ft ol itfi 1 tj(u5 

I Ji ujijf iJi Mill I d f d! !*oi i 1 stiEi )uld Ik i 
fl Itcfiiiiih tie ttmeiit oi I V a:i.^t; ol chroniL metaboht 
disE^ESsesi beeaufie elevation of plasma TsEFA concseritrasion 
has been suggested to lie at the heart ol the insulin resistance 
svridromcf and its associated dyshpidenna.. 

in conclusion, for the first time, we have shown that he- 
p jti( i ! j^^h t ndi it UEiiul ii 30E1 EriJsK « d b% lE ii( s < f o fc« Jsrif E;^ 



11 it fn 1 

1 il liEJl Hi sli i 



p -I -^^ ..1 d to 1 

d is J % * 1 < 
tPAl> expiet-i. < -L dfvdtf Ji 11. i... 

plaf^Ja^FF 1 iFj 4 ( » u If u if li nU 
high doses of statins and.'or very potent statin molecules, 
such as ator\!'SJSE.at3ii, triglyceride reduction might result tioi; 
only fi-om limited cholesterol availability but also from the 
cross talk with PP.AEu:, a nuclear receptor whose activity is; 
determinant m the control ol fatty acid oxidation. 
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